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7KLVSDSHU UHSUHVHQWV WKH VWDUWRI D FRPSOH[ UHVHDUFKRQZDWHUILVKKXPDQ UHODWLRQVKLSV DQG WKHLU LPSOLFDWLRQV IRU DQLPDODQG
KXPDQZHOIDUH$PRQJ WKHPDQ\GHWHUPLQDQWV WKDW LQIOXHQFH WKHSRSXODWLRQRID ILVKDUHVL]HRIVSHFLPHQVDQGZDWHUTXDOLW\
IDFWRUV/HQJWKZHLJKWUHODWLRQVKLS)XOWRQ¶V.FRQGLWLRQIDFWRUDQGWKHVL]HVWUXFWXUHZHUHDVVHVVHGIRUXQVH[HGSHUFLGVSHFLHV
(XURSHDQSHUFKPercafluviatilis/1 DQG(XUDVLDQUXIIHGymnocephaluscernua/1 FDXJKWIURP
'kPERYLĠD5LYHU0RULL/DNHDUHD±WKHODUJHVWODNHIURP%XFKDUHVWWKHFDSLWDORI5RPDQLD
3RVLWLYH DOORPHWULF JURZWK ZDV HVWLPDWHG IRU ERWK ILVK VSHFLHV 7:    [ 7/ SHUFK DQG 7:    [
7/UXIIH&RQGLWLRQIDFWRU.UHJLVWHUHGYDOXHVEHWZHHQDQGSHUFKDQGUXIIH
6RPH SK\VLFRFKHPLFDO SDUDPHWHUV S+ WRWDO GLVVROYHG VROLGV QLWULWH QLWUDWH SKRVSKDWH DPPRQLXP HOHFWULFDO FRQGXFWLYLW\
WRWDO KDUGQHVV ZHUH DFKLHYHG LQ RUGHU WR HYDOXDWH WKH LPSDFW RI DELRWLF KDELWDW FRQGLWLRQV RQ ILVK SRSXODWLRQ 7KH
PLFURELRORJLFDO DQDO\VHV RIZDWHU TXDOLW\ZHUH DOVR FRQVLGHUHG WR GHWHFW WKH VSHFLHV RIPLFURP\FHWHV WKDW FRXOG DIIHFW ERWK
KXPDQDQG ILVKKHDOWK7KXVAlternaria VSSAspergillus VSSCladosporium VSSFusarium VSSPenicillium VSSDQGVRPH
Saccharomyces\HDVWVWUDLQVZHUHLGHQWLILHGLQZDWHUVDPSOHVIURPWKHVWXGLHGDUHD2QWKHEDVLVRIDOOWKHDQDO\]HGSDUDPHWHUV
WKHZDWHU UHVRXUFHZDVIRXQGWREHQRWZLWKLQWKHVXLWDEOHUDQJHIRUZHOOEHLQJRIERWKSHUFLGVSHFLHV IDFWZKLFKFRXOGEHRI
JHQHUDOLQWHUHVWDVVXPLQJWKDWORFDOSHRSOHXVHWRDQJOHILVKOLNHSHUFKDQGRIWHQHDWWKHLUFDWFK

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7RRXUNQRZOHGJH WKH VWXG\DWWHPSWV IRU WKH ILUVW WLPH WR DSSURDFK WKH LQWHUDFWLRQVEHWZHHQELRORJLFDO IHDWXUHVRI VRPH ILVK
VSHFLHVLQKDELWLQJWKH'kPERYLĠD5LYHUXSVWUHDPRI0RULL/DNHWKHTXDOLW\RIWKHLUHQYLURQPHQWDQGORFDOSHRSOH±UHJDUGHGDV
SRWHQWLDOFRQVXPHUVRIWKHLURFFDVLRQDOFDWFKHV

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI$JURQRPLF6FLHQFHVDQG9HWHULQDU\0HGLFLQH%XFKDUHVW

Keywords:OHQJWKZHLJKWUHODWLRQVKLSILVKZHOOEHLQJSHUFKUXIIHZDWHUTXDOLW\
,QWURGXFWLRQ
,Q WKH VSRUW RI ILVKLQJ ILVK DUH FDXJKW IRU WKH HQMR\PHQW UDWKHU WKDQ IRU WKH VXVWHQDQFH 6QHGGRQ 
+RZHYHUJLYHQWKDWILVKUHSUHVHQWVDQLPSRUWDQWSDUWRIDKHDOWK\GLHWFDQEHHDWHQE\SHRSOHZKRFDWFKLWH[FHSW
WKRVHWDNHQIURPSROOXWHGZDWHUVKWWSZDWHUHSDJRY
7KHODUJHVWODNHIURP%XFKDUHVW0RULL&LXUHO/DNHZDVEXLOWEHWZHHQDQGZLWKWKHPDLQSXUSRVHWR
SURWHFW WKH FDSLWDO FLW\ IURP 'kPERYLĠD 5LYHU¶V IORRGV (QYLURQPHQWDO G\VIXQFWLRQDOLWLHV ZHUH QRWLFHG LQ WKH
DGMDFHQW DUHD RI WKH ODNH FKDQJHRIZDWHU TXDOLW\ DQG HXWURSKLFDWLRQEHLQJ DPRQJ WKH QHJDWLYH HIIHFWV RI D GDP
FRQVWUXFWLRQRQ WKH ODQGVFDSH 5LVWHD :DWHU VXSSO\ RI WKH0RULL/DNH GDP LV HQVXUHG E\ WKH'kPERYLĠD
5LYHUEHG WKH VHFRQGDU\ VRXUFHRISRZHU EHLQJ WKH$UJHú&KDQQHO WKURXJKZKLFK H[FHVVZDWHU LV GLUHFWHG IURP
5RúXWUHDWPHQWSODQWKWWSJUHHQO\URDSD
$WWUDFWLRQ IRU ILVKLQJ DFWLYLWLHVZDVQRWLFHGRQ0RULL/DNH DQG DGMDFHQW'kPERYLĠD5LYHU WKURXJKRXW WKH\HDU
&UHDQJă DQG 'XGD  5LVWHD  ZZZKDUWDSHVFDUUR ZZZSHVFXLWXOUR 5HFUHDWLRQDO ILVKHUPHQ FRXOG
FDWFKIURPWKHVHZDWHUVHGLEOHVSHFLHVOLNHFDUSELJKHDGFDUSJUDVVFDUSSHUFK]DQGHUSLNHEOHDNZHOVFDWILVKRU
HYHQWKHLQYDVLYHEURZQEXOOKHDGFDWILVKZZZSHVFDUKRLQDUFRP
,Q WKH FROG VHDVRQ VWDUWLQJ LQ WKH DXWXPQ RI  ZH LQYHVWLJDWHG WKH LFKWK\RIDXQD GLYHUVLW\ PDNLQJ DQ
LQYHQWRU\RIWKHPRVWFRPPRQVSHFLHVLQ'kPERYLĠD5LYHUXSVWUHDPRI0RULL/DNH$UJHú&KDQQHODUHD)LJXUH
7KXVZLWKSHUFKDQGUXIIZKLFKVHHPVWREHDPRQJWKHPRVWDEXQGDQWILVKZHHQFRXQWHUHGWKHIROORZLQJVSHFLHV
URDFKRutilusrutilusFRPPRQUXGGScardiniuserythrophthalmus WKH$PXUELWWHUOLQJRhodeussericeusEDUEHOO
Barbusbarbus ]DQGHU Sander lucioperca SXPSNLQVHHG Lepomisgibbosus DQG JLEHO FDUS Carassiusgibelio
3ORSSHUVRQDOREVHUYDWLRQVXQSXEOLVKHGGDWD
7KHUXIIH±Gymnocephaluscernua /LQQDHXVDQGSHUFK±Percafluviatilis/LQQDHXVWZRGRPLQDQW
IUHVKZDWHUVSHFLHVLQWKHVWXGLHGDUHDDUHXVXDOFRQVLGHUHGJDPHILVKSXUVXHGIRUDQJOLQJE\ORFDOSHRSOH$QGHYHQ
LI WKHYDOXHRI UXIIHIRUVSRUW ILVKLQJ LV ORZ WKHHFRORJLFDO UROHSOD\HGE\ WKLVVSHFLHV LQ WKHIRRGZHERID ODUJH
HXWURSKLFODNHFDQQRWEHQHJOHFWHGE\ELRORJLVWV.DQJXUHWDO.RWWHODWDQG)UH\KRIVKRZHGWKDWERWK
VSHFLHVFDQFRH[LVWLQODNHVUXIIHEHLQJPRUHDEXQGDQWLQGHHSHUOD\HUV8QOLNHRWKHUSHUFLGVSHFLHVG. cernuaLV
PRUHWROHUDQWRIHXWURSKLFFRQGLWLRQVZZZVHDJUDQWXPQHGX
7KHLQYHVWLJDWLRQRIOHQJWKZHLJKWUHODWLRQVKLS/:5JLYHVLQIRUPDWLRQDERXWWKHFRQGLWLRQDQGJURZWKSDWWHUQV
RI ILVK /HPPD HW DO  &RQGLWLRQ IDFWRU XVHG WR HYDOXDWH WKH ZHOOEHLQJ RU ILWQHVV RI ILVK UHSUHVHQWV DQ
LQGLFDWRUUHIOHFWLQJWKHLQWHUDFWLRQVEHWZHHQELRWLFDQGDELRWLFHQYLURQPHQWDOIDFWRUVWRWKHSK\VLRORJLFDOFRQGLWLRQ
RIILVKVLQFHKHDYLHUILVKVHHPVWRVKRZDKHDOWKLHUSK\VLRORJLFDOVWDWHDEHVWFRQGLWLRQ/HPPDHWDO2PDU
HWDO
$V ZDWHU TXDOLW\ SUHVHQWV FRQVLGHUDEOH FRQFHUQ IRU HQYLURQPHQWDO SURWHFWLRQ LWV PRQLWRULQJ LV DQ LPSRUWDQW
FRQVWUDLQW0RQLWRULQJ RIZDWHU TXDOLW\ FRXOG EH DVVHVVHG E\ IXOILOOLQJ WZR REMHFWLYHV  SK\VLFDO DQG FKHPLFDO
DQDO\VHVWKDWFRXOGHYLGHQFHWKHSUHVHQFHRIKD]DUGRXVVSHFLHVQLWUDWHQLWULWHDPPRQLXPSKRVSKDWHHWFDQG
ELRORJLFDOPRQLWRULQJ6ZHLGDQHWDO
6WXG\RIWKHILVKFRQGLWLRQLQUHODWLRQWRWKHSK\VLFRFKHPLFDOSDUDPHWHUVSURYLGHVDEHWWHUXQGHUVWDQGLQJRQWKH
KHDOWKLQHVV RI WKH HFRV\VWHP ,VD HW DO  5HJDUGLQJ WKH VXUIDFH ZDWHU TXDOLW\ LW LV NQRZQ WKDW FKHPLFDO
SK\VLFDO DQG ELRORJLFDO SROOXWLRQ KDYH VHULRXV HIIHFWV RQ ELRVSKHUH DIIHFWLQJ WKH DTXDWLF OLIH 1LFRODH 
$OWKRXJKPLFURP\FHWHVDUHYLWDOIRUWKHPDLQWHQDQFHRIHFRV\VWHPVDKLJKTXDQWLW\RIPRXOGVSRVHVDULVNWRZDWHU
TXDOLW\DQGDTXDWLFVSHFLHV6FăHĠHDQXHWDO0\FRWR[LQVUHOHDVHGE\PRXOGVUHSUHVHQWDVHULRXVWKUHDWWRILVK
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KHDOWK DQG ZHOOEHLQJ KWWSZZZIDRRUJ $PRQJ IXQJL JHQHUD LQYROYHG LQ ILVK GLVHDVHV DUH Aspergillus DQG
FusariumZKLFKFDQFDXVHQDWXUDOLQIHFWLRQVLQIUHVKZDWHUVSHFLHV5HIDLHWDO
0RUHRYHU DQDO\]LQJ WKH OHQJWK IUHTXHQF\ RI D ILVK SRSXODWLRQ FRXOG UHYHDO WKH HFRV\VWHP KHDOWK RU VWRFN
FRQGLWLRQVHYHQDEDVLFVL]HVWUXFWXUHGHVFULSWLRQKDYLQJDJUHDWYDOXHIRUUHIHUHQFHDVZHOOIRUFRPSDULVRQIRURWKHU
UHSRUWV5DQMDQHWDO/HQJWKRIWKHILVKLVPRUHELRORJLFDOO\UHOHYDQWWKDQDJHVLQFHVHYHUDOHFRORJLFDODQG
SK\VLRORJLFDOIDFWRUVDUHPRUHVL]HGHSHQGHGWKDQDJHGHSHQGHQW.DOD\FÕHWDO5RVOLDQG,VD7RWKH
EHVWRIRXUNQRZOHGJHQRZRUNKDVEHHQGRQHRQ WKHJURZWKRI ILVK LQKDELWLQJ WKHELJJHVW ODNH IURP%XFKDUHVW
KHQFH WKH SUHVHQW VWXG\ DLPHG WR  FRPSDUH OHQJWKZHLJKW UHODWLRQVKLS )XOWRQ¶V FRQGLWLRQ IDFWRU DQG JURZWK
SDWWHUQ IRU WZR DEXQGDQW ILVK VSHFLHV SHUFK DQG UXIIH VDPSOHG IURP WKH VDPH DTXDWLF HFRV\VWHP  GHWHFW WKH
ZDWHUTXDOLW\LQRUGHUWRVHHLIILVKVSHFLHVFDXJKWE\LQWKHDUHDFRXOGUHSUHVHQWDKHDOWK\VRXUFHRIIRRG
0DWHULDOVDQG0HWKRGV
2.1. Study area 
:LWKDVXUIDFHRIKDDQGPDYHUDJHGHSWK0RULL/DNHLVORFDWHGLQWKHWKVHFWRURIWKH%XFKDUHVWEHWZHHQ
3RO\WHFKQLF 8QLYHUVLW\ (DVW &UkQJDúL DQG *LXOHúWL GLVWULFWV 1RUWK 5RúX YLOODJH :HVW DQG 0LOLWDUL GLVWULFW
6RXWK5LVWHDHQZLNLSHGLDRUJ
,QWKH:HVWHUQSDUWRIWKHDUWLILFLDO0RULL/DNHFDQEHQRWLFHGWKHIOLPV\VWUHDPRIWKHIRUPHU'kPERYLĠD5LYHU
DQG DOVR VRPH QHLJKERULQJ ILVKLQJ SRQGV 5LVWHD  )URP WKLV VLGH 
1 
(  63
)LJXUH  ZKHUH DQWKURSRJHQLF HIIHFW RQ WKH HQYLURQPHQW LV REYLRXV ZDVWH ZDWHU GLVFKDUJH OLYHVWRFN ZHUH
FROOHFWHGZDWHUVDPSOHVIRUPLFURELRORJLFDODQDO\VLV
7KH UXIIH DQG SHUFK VSHFLPHQV DQG WKH UHVW RI ZDWHU VDPSOHV ZHUH WDNHQ IURP WKH IROORZLQJ SRLQWV

1 
( 63 )LJXUH  D DQG 
1 
( 63 )LJXUH  E ZKHUH
'kPERYLĠD5LYHUIORZVLQWRWKH0RULL/DNHQHDU&KLDMQDDFRPPXQHLQWKHVRXWKZHVWRI,OIRY&RXQW\
)HZVSHFLPHQVRIEDUEHOBarbusbarbusZHUHFDWFKLQ63
1
()LJXUHDEXWWKLV
ILVKDOWKRXJKDQHGLEOHVSHFLHVZDVQRW WKHVXEMHFWRI WKHSUHVHQWVWXG\FRQVLGHULQJWKHORZQXPEHURIVDPSOHG
VSHFLPHQV<HW ZDWHU TXDOLW\ZDV DQDO\]HG LQ WKLV SRLQW DQG DOVR LQ 63 
1 
( DW WKH
IORZLQJRI$UJHú&KDQQHOLQWRWKH0RULL/DNHFRQVLGHULQJWKLVVHFRQGZDWHUVXSSO\IRUWKHODNHEHVLGHV'kPERYLĠD
5LYHU





 




)LJ6WXG\DUHDDVDPSOLQJSRLQWV63IURPZDWHUVXSSOLHVRI0RULL/DNH±'kPERYLĠD5LYHUDQG$UJHú&KDQQHOPDSVRXUFH*RRJOH
0DSVEVDPSOLQJVWDWLRQIRUSHUFLGVSHFLHV'kPERYLĠD5LYHUXSVWUHDPRI0RULL/DNHDIDYRULWHILVKLQJDUHD1RYHPEHU
2.2. Fish collection and measurements 
2YHUDOOSHUFLGLQGLYLGXDOVRISHUFKDQGRIUXIIHZHUHFROOHFWHGRQURGDQGJLOOQHWIURP'kPERYLĠD
5LYHUXSVWUHDPRI0RULL/DNHIUHVKZDWHUHFRV\VWHP6363LQ1RYHPEHUDQG'HFHPEHU
$IWHUVDPSOLQJILVKVSHFLPHQVZHUHSUHVHUYHGIUR]HQDQGDQDO\]HGLQODERUDWRU\)LJXUH
(DFKILVKZDVPHDVXUHGIRUWRWDOOHQJWK7/PPDQGZHLJKWHG7:J7KHOHQJWKZHLJKWUHODWLRQVKLS
/:5ZDVH[SUHVVHGE\XVLQJWKHHTXDWLRQ7: D7/EZKHUHFRHIILFLHQWaLQWHUFHSWGHVFULEHVWKHUDWHRIFKDQJH
D E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RIZHLJKWZLWK OHQJWKDQGFRHIILFLHQWb VORSHRI UHJUHVVLRQ OLQHRIIHUV LQIRUPDWLRQDERXW LVRPHWULFRUDOORPHWULF
JURZWKSDWWHUQ)URHVH7KHUHODWLRQVKLSVEHWZHHQWKHOHQJWKDQGWKHZHLJKWRIILVKLQHDFKVWXG\DUHDZHUH
FDOFXODWHGWKURXJKOLQHDUUHJUHVVLRQ/RJ7: /RJDE/RJ7/
:KHQ E !  SRVLWLYH DOORPHWULF SDWWHUQ RI JURZWK LV LQGLFDWHGZKLOH ORZ YDOXHV RI E   H[KLELW QHJDWLYH
DOORPHWULFRUK\SRDOORPHWULFJURZWK.DUDFKOHDQG6WHUJLRX1HKHPLDHWDO7KHSDUDPHWHUVaDQGb
ZHUHHVWLPDWHGE\WKHOHDVWVTXDUHPHWKRGXVLQJ3$673DOHRQWRORJLFDO6WDWLVWLFV6RIWZDUHYHUVLRQ
)XOWRQ¶VFRQGLWLRQIDFWRU.ZKLFKVKRZVWKHGHJUHHRIZHOOEHLQJRIWKHILVKLQWKHLUKDELWDW1HKHPLDHWDO
ZDVFDOFXODWHGXVLQJWKHHTXDWLRQ. 7:7/
6L]H LQWHUYDOVIRU WRWDO OHQJWKGLVWULEXWLRQRISHUFKDQGUXIIHVDPSOHVFDXJKW LQVWXG\VLWHZHUHHVWDEOLVKHGDQG
DGDSWHGLQDFFRUGDQFHZLWK,QQDO









)LJ6WXGLHGSHUFLGVSHFLHVDPercafluviatilisEGymnocephaluscernua
2.3. Water sampling 
6RPHSK\VLFRFKHPLFDOZDWHUTXDOLW\SDUDPHWHUVZHUHGHWHFWHGLQVDPSOHVIURPWKHPRXWKRI'kPERYLĠD5LYHU
LQ&KLDMQDFRPPXQH:DWHUVDPSOHVZHUHFROOHFWHGIURPWKHVDPHDUHDDQGDWWKHVDPHPRQWKZLWKILVKFROOHFWLRQ
1RYHPEHU'HFHPEHU:DWHU VDPSOHVZHUH WDNHQ DW DERXWFPEHORZ VXUIDFH OD\HU LQ VWHULOH UHFLSLHQWV
ERWKIRUFKHPLFDODQGPLFURELRORJLFDOVXUYH\V7KHEDFWHULDODQDO\VLVZDVGRQHZLWKLQKRXUVDIWHUFROOHFWLRQ)RU
FKHPLFDODQDO\VHV WKHVDPSOHVZHUHVXEVHTXHQWO\VWRUHGDW&IRUDVVKRUWD WLPHDVSRVVLEOHEHIRUHDQDO\VLV WR
PLQLPL]HSK\VLFDODQGFKHPLFDOFKDQJHV7KHVHDQDO\VHVZHUHFRQGXFWHGZLWKLQKRXUVRIFROOHFWLRQ$OOVDPSOHV
ZHUHDOORZHGWRVWD\XQWLOWKH\UHDFKHGURRPWHPSHUDWXUHEHIRUHDQDO\VLV6WDYUHVFX%HGLYDQHWDO
2.4. Chemical analysis 
7KHFKHPLFDODQDO\VLVRIZDWHUVDPSOHVZDVSHUIRUPHGDVSUHYLRXVO\UHSRUWHG6WDYUHVFX%HGLYDQHWDO
E\XVLQJPHWKRGVVLPLODUWRWKRVHUHFRPPHQGHGIRUGULQNLQJZDWHU0ăQHVFXHWDO$EULHISUHVHQWDWLRQRI
WKHDQDO\VHVPHWKRGVDQGDSSDUDWXVDUHGHSLFWHGLQWDEOH

7DEOH3HUIRUPHGDQDO\VHVPHWKRGVDQGLQVWUXPHQWDWLRQ
$QDO\VLV 0HWKRG ,QVWUXPHQWDWLRQ
S+ SRWHQWLRPHWU\ ,QRODE:7:
S+PHWHU
&RQGXFWLYLW\ FRQGXFWRPHWU\ +DFK6HQV,RQ
7RWDOGLVVROYHGVROLGV7'6 JUDYLPHWU\ 2KDXV$GYHQWXUHU3UR$9&06FDOH
%LQGHU2YHQ
7RWDOKDUGQHVV FRPSOH[RQRPHWU\ 
&KHPLFDOR[\JHQGHPDQG&2' PDQJDQRPHWU\ 
$PPRQLXPQLWURJHQ11+ 

VSHFWURSKRWRPHWU\



0HWHUWHN633OXVVSHFWURSKRWRPHWHU
1LWULWHQLWURJHQ112
1LWUDWHQLWURJHQ112
3KRVSKDWHSKRVSKRUXV
332


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$OODQDO\VHVZHUHSHUIRUPHGLQWULSOLFDWHDQGWKHUHSRUWHGYDOXHVUHSUHVHQWWKHPHDQRIUHVXOWV
2.5. Microbiological analysis 
:DWHU VDPSOHV ZHUH LQRFXODWHG RQ 3'$ 3RWDWR'H[WURVH$JDU JURZWK PHGLXP VWHULOL]HG DW & DQG 
DWPRVSKHUHV GXULQJ PLQXWHV )RU HDFK VDPSOH P/ RI VXVSHQVLRQZDV WDNHQ SODFHG GLUHFWO\ RQ WKH JURZWK
PHGLXPLQ3HWULGLVKHVRIPPGLDPHWHU$OO VDPSOHVZHUH WKHQ LQFXEDWHG LQ WKHGDUNIRUGD\VDW&
0DQROH DQG &LRFRLX  ,GHQWLILFDWLRQ RI WKH PLFURP\FHWHV ZDV PDGH ZLWK D .UVV2SWURQLF PLFURVFRSH
&LRFRLXHWDO+XOHDDQG,OLHVFX
5HVXOWVDQG'LVFXVVLRQV
3.1. Fish growth characteristics 
.QRZLQJ ELRORJLFDO LQIRUPDWLRQ DERXW JURZWK UHIOHFWV WKH JHQHUDO ZHOOEHLQJ DQG ILVK DGDSWDWLRQ WR WKH
HQYLURQPHQW
Gymnocephaluscernua DQG Percafluviatilis DUH QDWLYH IRU 5RPDQLDQ IDXQD
KWWSILVKPRQJDED\FRPGDWD5RPDQLDKWP 7KH ELRPHWULF GDWD IRU Percafluviatlis VDPSOHG IURP 'kPERYLĠD
5LYHU0RULL/DNHDUHDZHUHUHJLVWHUHGDV7/PLQ±PD[FPZLWKDPHDQRIFPDQG7:PLQ
±PD[JZLWKDYHUDJHRIJ7KHOLQHDUUHJUHVVLRQRIWKHORJWUDQVIRUPHGYDOXHVZDVFDOFXODWHGDV/RJ
7:   / /RJ 7/ ±  U    &/ RI WKH SDUDPHWHUV a DQGb WKH FRUUHVSRQGLQJ QRQOLQHDU
HTXDWLRQZDVFDOFXODWHGDV7: [7/*URZWK W\SH IRU(XURSHDQSHUFKZDVGHWHUPLQHGDVSRVLWLYH
DOORPHWULFE!)XOWRQ¶VFRQGLWLRQIDFWRU.KDVDYDOXHRIPLQPD[
$V UHJDUGLQJ WKH ELRPHWULF GDWD IRU Gymnocephaluscernua VDPSOHG IURP WKH VDPH DUHD ZHUH UHFRUGHG WKH
IROORZLQJYDOXHV7/ PLQ±PD[FPZLWKDPHDQRIFPDQG7:PLQ±PD[JZLWK
DYHUDJHRIJ7KHOLQHDUUHJUHVVLRQRIWKHORJWUDQVIRUPHGYDOXHVZDVFDOFXODWHGDV/RJ7: //RJ
7/±U &/RIWKHSDUDPHWHUVaDQGbWKHFRUUHVSRQGLQJQRQOLQHDUHTXDWLRQZDVFDOFXODWHGDV
7: [7/*URZWKW\SHIRUUXIIHSRSXODWLRQZDVGHWHUPLQHGDVSRVLWLYHDOORPHWULFE!)XOWRQ¶V
FRQGLWLRQIDFWRU.KDVDYDOXHRIPLQPD[
$FFRUGLQJWR)LVK%DVHWKHFRPPRQWRWDOOHQJWKLVFPIRUUXIIHDQGFPIRU(XURSHDQSHUFKUHVSHFWLYHO\
/HQJWK DQGZHLJKWGLVWULEXWLRQRIPercafluviatilis VSHFLPHQV FDXJKW LQ WKHZLQWHU RI DUHJLYHQ LQ)LJXUH 
3HUFKLVDQDSSURSULDWHFDQGLGDWHIRUFRPSDULQJSRSXODWLRQSDUDPHWHUVLQGLIIHUHQWJHRJUDSKLFDODUHDV.RPVDULHW
DO
,Q'kPERYLĠD5LYHU0RULL/DNHDUHDPRUHWKDQRIWKHSHUFKFDXJKWZHUHVKRUWHUWKDQFPDQGRI
WKLVILVKVDPSOHGVSHFLPHQVZHLJKWHGOHVVWKDQJUDPV
7KHPHDQWRWDOOHQJWKZDVFPIRUSHUFKSRSXODWLRQIURPDQ,WDOLDQODNH&HFFX]]LHWDO/HQJWK
DQGZHLJKWGLVWULEXWLRQRIGymnocephaluscernua VSHFLPHQVFDXJKWDUHJLYHQLQ)LJXUH
$OOUXIIHVSHFLPHVZHUHVKRUWHUWKDQFPPD[LPXPYDOXHZDVFPZKLOHRILQGLYLGXDOVKDG
DZHLJKWOHVVWKDQJUDPV




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




)LJ%LRPHWULFGDWDIRUSHUFKIURP'kPERYLĠD5LYHU0RULL/DNHDUHDDOHQJWKGLVWULEXWLRQEZHLJKWGLVWULEXWLRQ












    
7/FP
1












       
7:J
1


D E
333 Mala-Maria Stavrescu-Bedivan et al. /  Agriculture and Agricultural Science Procedia  10 ( 2016 )  328 – 339 









)LJ%LRPHWULFGDWDIRUUXIIHIURP'kPERYLĠD5LYHU0RULL/DNHDUHDDOHQJWKGLVWULEXWLRQEZHLJKWGLVWULEXWLRQ

6LPLODU WRRXUUHVXOWV WKHPHDQ WRWDO OHQJWKIRU UXIIHFRPPXQLW\IURPD/LWKXDQLDQ ODNHZDVFP
3LOLQNRYVNLMHWDOZKLOH LQDQ(VWRQLDQ ODNH.DQJXUHWDO UHJLVWHUHG WKHYDOXHRIFPIRU WKH
PD[LPXPOHQJWKRIUXIIH
7KHHTXDWLRQVRIWKHOHQJWKZHLJKWUHODWLRQVKLSIRUSHUFKDQGUXIIHLQWKHVWXG\DUHDDUHJLYHQLQ)LJXUH
,QJHQHUDOWKHSDUDPHWHUVRIWKHOHQJWKZHLJKWUHODWLRQVKLSDUHDIIHFWHGE\YDULRXVIDFWRUVLQFOXGLQJVHDVRQVH[
SUHVHUYDWLRQ WHFKQLTXH SRSXODWLRQ GHQVLW\ VH[XDO PDWXULW\ DJH KDELWDW IRRG TXDOLW\ RU TXDQWLW\ ILVK KHDOWK RU
HQYLURQPHQWDOFRQGLWLRQV,QQDO.RPVDULHWDO6WDYUHVFX%HGLYDQHWDO,QWKHSUHVHQWVWXG\
WKHH[SRQHQWEZDVZLWKLQWKHH[SHFWHGUDQJHRIIRUERWKDQDO\]HGSHUFLGVSHFLHV
/HQJWKZHLJKWUHODWLRQVKLSLQGLFDWHGWKDWSHUFLGSRSXODWLRQVRI(XURSHDQSHUFKDQGUXIIHFDXJKWLQWKLVDTXDWLF
HFRV\VWHP H[KLELWHG SRVLWLYH DOORPHWULF JURZWK 6LPLODU GDWDZHUH UHFRUGHG IRUPercafluviatilis VDPSOHG LQ ODNHV
IURP7XUNH\%H÷EXUVDQG,WDO\&HFFX]]LHWDO
2QWKHRWKHUKDQG/RUHQ]RQLHWDO UHSRUWHGWKDWGymnocephaluscernuaSRSXODWLRQIURPDODNHLQ,WDO\
GLVSOD\HGLVRPHWULFJURZWK
7KH)XOWRQ¶VFRQGLWLRQRIWKHSHUFRLGVSHFLHVVDPSOHGLQVWXG\DUHDKDVYDOXHVEHWZHHQDQGSHUFKDQG
 DQG  UXIIH 7KXV Percafluviatilis VSHFLPHQV IURP 0RULL /DNH VXJJHVW D EHWWHU ILWQHVV WKDQ
GymnocephaluscernuaLQWKHVDPHZDWHUERG\<HWZKHQWKHYDOXHRIFRQGLWLRQIDFWRULVOHVVWKDQDILVKLVVDLG
WREHLQZRUVHFRQGLWLRQ6KDKHWDO3OXPSILVKPD\LQGLFDWHIDYRUDEOHHQYLURQPHQWFRQGLWLRQV OLNHSUH\
DYDLODELOLW\%ODFNZHOOHWDO
7KH YDOXHV RI ZDWHU TXDOLW\ SDUDPHWHUV RU WKH HIIHFW RI LQFUHDVHG ILVKLQJ SUHVVXUH FRXOG EH UHVSRQVLEOH IRU
GLIIHUHQFHV LQFRQGLWLRQ IDFWRU IRU WKHVDPHVSHFLHV LQYDULRXVKDELWDWV .KDOODIHWDO6DFKLGDQDQGDPXUWK\
DQG<DMXUYHGL1HKHPLDHWDO.RPVDULHWDO
$OVR LQ 0RULL /DNH SHUFK VHHPV WR KROG D EHWWHU SRSXODWLRQ WKDQ UXIIH LQ WHUPV RI GLVWULEXWLRQ RI OHQJWK
IUHTXHQFLHV $XWKRUV DV 5DQMDQ HW DO  VXJJHVWHG WKDW WKH DEVHQFH RI YHU\ ODUJH VSHFLPHQV IURP D ZDWHU
UHVRXUFHPLJKWLQGLFDWHWKDWILVKLVWDUJHWRIDQJOHUVDQGILVKHUPHQ
$OWKRXJKOHQJWKIUHTXHQF\GLVWULEXWLRQRISHUFKDQGUXIIHKDVDOUHDG\EHHQVXEMHFWRIVHYHUDOSDSHUV&HFFX]]LHW
DO.DQJXUHWDO3LOLQNRYVNLMHWDO7iPDVHWDOWKHOLWHUDWXUHDYDLODEOHRQWKLVWRSLFIRU
SHUFRLGVSHFLHVIURP5RPDQLDQLFKW\RIDXQDDOPRVWODFNV

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

)LJ/:5IRUSHUFRLGVIURP'kPERYLĠD5LYHU0RULL/DNHDUHDD3HUFKE5XIIH
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3.2. Water quality 
3K\VLFRFKHPLFDO SDUDPHWHUV IRUZDWHU VDPSOHV FROOHFWHG IURP0RULL /DNH DUH SUHVHQWHG LQ WDEOH $OVR IRU
FRPSDULVRQLQWDEOHDUHSUHVHQWHGWKHSDUDPHWHUVDQGTXDOLW\FODVVHVDFFRUGLQJWR2UGHU7KHREWDLQHG
YDOXHV DIWHUZDWHU FKHPLFDO DQDO\VHV LQGLFDWHG WKDW FRQGXFWLYLW\ 6FP DQG S+ YDOXHV SUHVHQW YHU\ VLJQLILFDQW
FRUUHODWLRQ ZLWK WRWDO KDUGQHVV PJ &D&2/ WKH FRUUHODWLRQ FRHIILFLHQWV DUH U  DQG U 
UHVSHFWLYHO\)LJXUH

7DEOH3K\VLFRFKHPLFDOSDUDPHWHUVIRUZDWHUVDPSOHV
3DUDPHWHUV
5HVXOWV
63 63 63 63 63
S+     
&RQGXFWLYLW\μ6FP     
7RWDOGLVVROYHGVROLGV7'6PJ/     
7RWDOKDUGQHVVPJ&D&2/     
&2'PJ2/     
11+PJ1/     
112PJ1/     
112PJ1/     
332PJ3/ '/ '/ '/ '/ '/
'/±ORZHUWKDQGHWHFWLRQOLPLWRIWKHPHWKRG
63VDPSOLQJSRLQW63VHZDJHV\VWHPLQ1RUWKRIWKH'kPERYLĠDHQVXULQJWKHFROOHFWLRQDQGGLVFKDUJHRIZDVWHZDWHULQWRWKHULYHU
6363'kPERYLĠD5LYHUXSVWUHDPRI0RULL/DNHZKHUHPRVWUXIIHDQGSHUFKVSHFLPHQVZHUHFDWFK63$UJHú&KDQQHOXSVWUHDPRI0RULL
/DNHZKHUHILVKVSHFLHVOLNHEDUEHODUHHQFRXQWHUHG63IORZLQJRI$UJHú&KDQQHOLQWRWKH0RULL/DNH

7DEOH4XDOLW\FODVVHVIRUVXUIDFHZDWHUVDFFRUGLQJWR2UGHU

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
)LJ&RUUHODWLRQVEHWZHHQFRQGXFWLYLW\DQGS+YDOXHVZLWKWRWDOKDUGQHVVRIZDWHUVDPSOHVIURP'kPERYLĠD5LYHU0RULL/DNHDUHD
3DUDPHWHUV
&ODVVHV
, ,, ,,, ,9 9
S+ 
&2'PJ2/     !
11+PJ1/     !
112PJ1/     !
112PJ1/     !
332PJ3/     !
7RWDOGLVVROYHGVROLGV
7'6PJ/
    !
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)RURSWLPDOJURZWKRIPRVWILVKVSHFLHVGHVLUDEOHS+UDQJHLVDQGOHYHOVEHORZOHDGVWRDGHFUHDVHRI
UHSURGXFWLRQ6WRQHHWDO$OVRDOLWHUDWXUHUHYLHZFRQFHUQLQJS+YDOXHVIRUODNHVLQGLFDWHVWKDWXVXDOO\DUH
IRXQGLQWKHUDQJH7V\WVDULQ1LNDQRURYDQG%UD]KQLNRYD
$YDOXHRIS+ORZHUWKDQFRXOGLQGLFDWHWKDWWKHUHVSLUDWRU\SURFHVVHVLQDZDWHUUHVRXUFHDUHJUHDWHUWKDQWKH
SKRWRV\QWKHWLFSURFHVVHVZKLOHDONDOLQHS+KLJKHUWKDQFRXOGSURGXFHGHDWKRIWKHILVK'DVWDJLUHWDO
,QWKLVVXUYH\S+YDOXHVUDQJHGEHWZHHQ63$UJHú&KDQQHODWWKHPRXWKRIWKH0RULL/DNHDQG63
VHZDJH V\VWHP LQ 1RUWK RI WKH 'kPERYLĠD 5LYHU XSVWUHDP RI0RULL /DNH 7KH ODWHVW YDOXH KLJKHU WKDQ OLPLW
LPSRVHGE\2UGHUIRUVXUIDFHZDWHUVVXJJHVWVSRVVLEOHKHDOWKGLVWXUEDQFHV
(OHFWULFDOFRQGXFWLYLW\LVUHFRPPHQGHGWREHHQFRXQWHUHGLQWKHUDQJH6FPDQGWKLVSDUDPHWHULVXVHG
WRHYDOXDWHLQDURXJKPDQQHUWKHWRWDOGLVVROYHGVROLGV7'6EHFDXVHLWKDVEHHQREVHUYHGWKDWXVXDOO\7'6PJ/
UHSUHVHQWVDERXWKDOIRI WKHFRQGXFWLYLW\VFP6WRQHHWDO)RUDOOVDPSOHVHOHFWULFDOFRQGXFWLYLW\ZDV
EHORZ6FP
7KH WRWDO GLVVROYHG VROLGV IOXFWXDWHG EHWZHHQ  DQG  PJ/ ,W KDV EHHQ GRFXPHQWHG WKDW 7'6 YDU\ LQ
GLIIHUHQWZDWHUVGHSHQGLQJXSRQWKHVHDVRQORFDWLRQRURWKHUIDFWRUV'DVWDJLUHWDO
7RWDO KDUGQHVV DV&D&2RIZDWHU IRU ILVK FXOWXUH LW LV GHVLUDEOH WREH IRXQG LQ WKH UDQJHPJ/ EXW
YDOXHVJUHDWHUWKDQPJ/DUHFRQVLGHUHGWREHDFFHSWDEOH6WRQHHWDO)RU6363VDPSOLQJSRLQWVWKH
WRWDO KDUGQHVVZDV EHORZPJ&D&2/PHDQZKLOH IRU 63 LWZDV IRXQG D YDOXH VOLJKWO\ KLJKHU WKDQPJ
&D&2/
$FFRUGLQJWR2UGHUWKHDQDO\WLFDOUHVXOWVRIDPPRQLXPQLWURJHQIRU6363DQG63DUHJUHDWHUWKDQ
PJ1/YDOXHDVVRFLDWHGZLWK9FODVVRIVXUIDFHZDWHUTXDOLW\7KHORZHVWYDOXHVZHUHUHJLVWHUHGIRU63
PJ1/
<DQJHWDOFODLPHGWKDWWKHLQFUHDVHLQDPPRQLDFRQFHQWUDWLRQLQODNHZDWHUPD\FDXVHWR[LFLW\WRDTXDWLF
RUJDQLVPV+RZHYHUWR[LFLW\RIDPPRQLDWRILVKYDULHVZLWKILVKVSHFLHVDJHRURWKHUTXDOLW\SDUDPHWHUV/DWKDDQG
/LSWRQ6WRQHHWDO
7KH KLJKHVW QLWULWH QLWURJHQ FRQWHQWZDV IRXQG IRU 63 PJ/+LJK OHYHOV RI QLWULWH QLWURJHQ LQZDWHU
FRXOG FDXVH K\SR[LD GXH WR PHWKHPRJORELQ IRUPDWLRQ LQ ILVK EORRG WKLV PDQLIHVWDWLRQ EHLQJ NQRZQ DV EURZQ
EORRGGLVHDVH 'XUERURZHWDO$Q\ZD\SUREOHPVJHQHUDWHGE\QLWULWHDUH W\SLFDOO\ IRUFORVHG LQWHQVLYH
FXOWXUHV\VWHPV$ODWRUUH-DFRPHHWDO
$OO VDPSOHGSRLQWVZHUH IRXQG IUHH LQSKRVSKDWHFRQFHQWUDWLRQZKLFKPLJKW VXJJHVW WKDWZDWHU LV VXLWDEOH IRU
RSWLPDOJURZWKRIWKHILVK)URPWKLVSRLQWRIYLHZWKHZDWHUVDPSOHVFROOHFWHGIURP0RULL/DNHLQWKHFROGVHDVRQ
RIDUHVLPLODUZLWKWKRVHVDPSOHGLQWKHZDUPVHDVRQRI6FăHĠHDQXHWDO
7KHKLJKHVW YDOXH RI&2' PJ2/ZDV IRXQG LQ WKH FDVH RI 63ZKHUH KLJKHVW OHYHOV RI DPPRQLXP
QLWURJHQQLWUDWHDQGQLWULWHQLWURJHQZHUHDOVRGHWHFWHG
5HIHUULQJRQWKHIXQJDOSRSXODWLRQDJUHDWYDULHW\RIPLFURP\FHWHVZDVIRXQGLQWKHVWXGLHGDUHD6RXWK:HVWRI
WKH0RULL/DNHDVAlternariaVSSAspergillusVSSCladosporiumVSSFusariumVSSPenicilliumVSSDQGVRPH
Saccharomyces \HDVW VWUDLQV 7DEOH  )LJXUH  ,Q D SUHYLRXV VWXG\ 6FăHĠHDQX HW DO  \HDVW IXQJXV
Fusarium VSS DQGPenicillium VSSZHUH LGHQWLILHG LQ WKH 6RXWK(DVW VDPSOLQJ SRLQWV RI WKH0RULL /DNH DOVR D
IDYRULWHILVKLQJDUHDLQWKLVIUHVKZDWHUHFRV\VWHP

7DEOH0\FRIORUDLGHQWLILHGLQZDWHUVDPSOHVIURPVWXG\DUHD



6DPSOLQJ
3RLQW
Cladosporium
VSS
AspergillusVSS PenicilliumVSS FusariumVSS AlternariaVSS \HDVWV
      
      
      
      
      
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)LJ0LFURELRWDLGHQWLILHGLQZDWHUVDPSOLQJSRLQWVDCladosporiumVSSAspergillusVSSPenicilliumVSS63
EFFusariumVSSPenicilliumVSSCladosporiumVSSDQG\HDVWV6363
GCladosporiumVSSAspergillusVSS63HAlternaria VSS, FusariumVVSPenicilliumVSS63

1RFOLQLFDOVLJQVZHUHQRWLFHGLQWKHVDPSOHGILVKVSHFLHVDQGLWFDQEHDVVXPHGWKDWWKHXELTXLWRXVIXQJLOLNH
WKRVH LVRODWHG IURPRXUZDWHU VDPSOHV DUHSDUW RI WKHQRUPDOP\FRIORUD LQ WKHQDPHG HFRV\VWHP<HW LQ FHUWDLQ
FLUFXPVWDQFHVVRPHIXQJDOSDWKRJHQVFDQSURGXFHGLVHDVHVLQDTXDWLFRUJDQLVPV7KXVIXQJDOFRQWDPLQDWLRQVDUH
LQIOXHQFHGE\HQYLURQPHQWDOVWUHVVRUVOLNHSRRUZDWHUTXDOLW\DQGWHPSHUDWXUHLQIHFWLRQVEHLQJPRUHVHYHUHLQWKH
FROGVHDVRQ3DFKDGHHWDO5HIDLHWDO7KDWPHDQV WKDWSHUFRLGVSHFLHVVDPSOHG LQZLQWHURI
IURP WKH'kPERYLĠD5LYHUXSVWUHDPRI0RULL/DNHFRXOGEHFRPHVLFN DOWKRXJKSUHVHQW VWXG\GLGQRW DLPHG WKH
IXQJXVLVRODWLRQWHFKQLTXHLQDSSDUHQWO\KHDOWK\ILVKWRFRQILUPWKLVK\SRWKHVLV
%RWKKXPDQDQGILVKKHDOWKFRXOGEHDIIHFWHGE\PRXOGVDQG\HDVW:DWHUPROGVLQIHFWLRQVFDQUHSUHVHQWWKHFDXVH
RIORVVHVLQIUHVKZDWHUILVK,TEDOHWDO
7KHPLFURELDOSROOXWLRQLQWKHDTXDWLFHFRV\VWHPJHWVDFFXPXODWHGLQWKHWLVVXHVRIDQLPDOVDQGWKXVWKH\EHFRPH
XQILW IRU KXPDQ FRQVXPSWLRQ *KDZDUH DQG -DGKDR  ,Q DGGLWLRQ LW KDV EHHQ UHSRUWHG WKDW IXQJDO
FRQWDPLQDWLRQ RI ILVKPD\ FRQVWLWXWH D SXEOLF KHDOWK KD]DUG GXH WRP\FRWR[LQ SURGXFWLRQ +DVVDQ HW DO 
7KLVIDFWFRXOGEHRIJHQHUDOLQWHUHVWLIRQHWDNHVLQWRDFFRXQWWKDWILVKHUPHQHQFRXQWHUHGLQWKHVWXGLHGDUHDXVHWR
NHHSFRRNDQGHDWWKHLUFDWFK
)URPDQRWKHUSRLQWRIYLHZWKHPDLQZD\VLQZKLFKSHRSOHFDQFRPHLQWRFRQWDFWZLWKYDULRXVIXQJLSUHVHQWLQ
WKH ZDWHUV RI ODNHV DQG ULYHUV DUH LQJHVWLQJ E\ GLUHFWO\ VZDOORZLQJ RI FRQWDPLQDWHG ZDWHU DQG LQKDODWLRQ RI
P\FHOLXP K\SKDH IUDJPHQWV FDUULHG E\ DHURVROV IRUPHG DURXQG WKH ZDWHU UHVRXUFH 7KH
PLFURP\FHWHVAspergillusVSS FDQ SURGXFH VXSHUILFLDO DQG VXEFXWDQHRXV P\FRVHV VXFK DV LQIHFWLRQV RI WKH VNLQ
QDLOV KDLU DQG PXFRXV PHPEUDQHV DQG LQGLJHVWLRQ FDXVHG E\ VZDOORZLQJ FRQWDPLQDWHG ZDWHU RWLWLV PHGLD RU
SQHXPRQLD ZKLOH Fusarium VSS PenicilliumVSSCladosporium VSS FDQ SURGXFH DOOHUJLHV DQG P\FRWR[LFRVHV
%DQGK+DJHVNDOHWDO3DQDFNDOHWDO
E
GF
D
H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)URPWKHVHZDJHV\VWHPVORFDWHGLQWKH1RUWKRI'kPERYLĠD5LYHUXSVWUHDPRI0RULL/DNH63IXQJDOVWUDLQV
RICladosporiumAspergillusDQGPenicilliumZHUHLVRODWHG)LJXUHD7KLVPLFURELRORJLFDOUHVXOWLVLPSRUWDQW
EHFDXVH LW KDV EHHQ VWLSXODWHG WKDW UHVSRQVLEOH IRUZDWHU SROOXWLRQ DUH WKHZDVWHZDWHUV RI VHWWOHPHQWV DURXQG WKH
FDSLWDOGLVFKDUJHGLQ'kPERYLĠD5LYHUKWWSZZZJUHHQUHSRUWURIURPKHUHZDWHUIORZLQJGLUHFWO\LQWRWKHODNH
LQ WKH :HVWHUQ VLGH RI LW 63 63 7KHUHIRUH LW PD\ EH VXJJHVWHG WKDW GLIIHUHQW DVSHFWV RI OLIH LQ DTXDWLF
RUJDQLVPV IURP 0RULL /DNH LQFOXGLQJ WKH ZHOOEHLQJ RI ILVK FRXOG EH DIIHFWHG GXH WR WKHVH ZDWHU GLVFKDUJH
PHFKDQLVP
&RQFOXVLRQV
7KH OHQJWKZHLJKW HTXDWLRQV GHWHUPLQHG IURP UHJUHVVLRQ RI /RJ ZHLJKW RQ /RJ OHQJWK RI DQDO\]HG SHUFRLGV
LQGLFDWHGDSRVLWLYHDOORPHWULFW\SHRIJURZWKIRUVSHFLPHQVVDPSOHGLQ'kPERYLĠD5LYHUXSVWUHDPRI0RULL/DNH
ZKLFKPHDQVWKDWILVKLQFUHDVHLQERG\WKLFNQHVVUDWKHUWKDQLQOHQJWK
2XUUHVXOWVFRXOGEHXVHIXOUHIHUHQFHVIRUIXWXUHFRPSDUDWLYHVWXGLHVDERXWSHUFKDQGUXIIHELRPHWULFGDWD
0\FRORJLFDO ZDWHU TXDOLW\ LQGLFDWHG WKH SUHVHQFH RI \HDVW DQG IXQJDO VWUDLQV LQ DOO VDPSOHV IURP WKH VWXGLHG
HFRV\VWHP
$VVXPLQJ WKH YDOXHVRI DOO WKH DELRWLF DQGELRWLF SDUDPHWHUV WKH VWXGLHG DUHDZDV IRXQG WREHQRWZLWKLQ WKH
VXLWDEOHUDQJHIRUZHOOEHLQJRIERWKDQDO\]HGILVKVSHFLHV$OWKRXJKUHFUHDWLRQDOILVKLQJ LVRIWHQSUDFWLFHG LQ WKH
VWXG\VLWHZHVWURQJO\UHFRPPHQGFDXWLRQUHJDUGLQJWKHFRQVXPSWLRQRIZDWHUDQGILVKFDXJKWIURP0RULL/DNH
$FNQRZOHGJHPHQWV
)LUVW DXWKRU WKDQNV WKH (XURSHDQ 6RFLDO )XQG WKURXJK 6HFWRULDO 2SHUDWLRQDO 3URJUDPPH +XPDQ 5HVRXUFHV
'HYHORSPHQW  SURMHFW QXPEHU 326'586 ³3RVWGRFWRUDO VFKRRO IRU ]RRWHFKQLFDO
ELRGLYHUVLW\ DQG IRRG ELRWHFKQRORJ\ EDVHG RQ WKH HFRHFRQRP\ DQG WKH ELRHFRQRP\ UHTXLUHG E\ HFRVDQR
JHQHV\V´
5HIHUHQFHV
$ODWRUUH-DFRPH 2 *DUFLD7UHMR ) 5LFR*DUFLD ( 6RWR=DUD]XD *0  $TXDFXOWXUH ZDWHU TXDOLW\ IRU VPDOOVFDOH SURGXFHUV ,Q
6ODGRQMD%(GV$TXDFXOWXUHDQGWKH(QYLURQPHQW$6KDUHG'HVWLQ\,Q7HFKZZZLQWHFKRSHQFRP
%DQGK 6$ .DPLOL $1 *DQDL %$ 6DOHHP 6 /RQH %$ 1LVVD + )LUVW TXDOLWDWLYH VXUYH\ RI ILODPHQWRXV IXQJL LQ 'O /DNH
.DVKPLU-RXUQDORI<HDVWDQG)XQJDO5HVHDUFK
%H÷EXUV&5,QYHVWLJDWLRQRIJURZWKIHDWXUHVRISHUFKPercafluviatilis/SRSXODWLRQLQ8UNPH]'DP/DNH,]PLU7XUNH\,Q
QG,QWHUQDWLRQDO6\PSRVLXPRQ6XVWDLQDEOH'HYHORSPHQW-XQH6DUDMHYR6FLHQFH%RRN
%ODFNZHOO %* %URZQ 0/ :LOOLV ':  5HODWLYH ZHLJKW :U VWDWXV DQG FXUUHQW XVH LQ ILVKHULHV DVVHVVPHQW DQG PDQDJHPHQW
5HYLHZVLQ)LVKHULHV6FLHQFH±
&HFFX]]L37HURYD*%UDPELOOD)$QWRQLQL06DURJOLD0*URZWKGLHWDQGUHSURGXFWLRQRI(XUDVLDQSHUFKPercafluviatilis/LQ
/DNH9DUHVHQRUWKZHVWHUQ,WDO\)LVK6FL'2,VKWWSZZZDUFDUHJLRQHORPEDUGLDLW
&LRFRLX(0DQROH06*HDPăQ,0LFURELRORJLH(G3ULQWHFK%XFKDUHVW
&UHDQJă('XGD06XVWDLQDEOHXUEDQVWUXFWXUHV WRFKDOOHQJHFOLPDWHFKDQJH -RXUQDORI(FRQRPLF'HYHORSPHQW(QYLURQPHQW DQG
3HRSOH
'DVWDJLU * 1DUHMR 17 -DOEDQL 6  3K\VLFRFKHPLFDO SDUDPHWHUV DQG WKHLU YDULDWLRQV LQ UHODWLRQ WR ILVK SURGXFWLRQ LQ =KRE 5LYHU
%DORFKLVWDQ3DN-$QDO(QYLURQ&KHP
'XUERURZ50&URVE\'0%UXQVRQ091LWULWHLQILVKSRQGV65$&3XEOLFDWLRQ1R
)URHVH5&XEH ODZFRQGLWLRQIDFWRUDQGZHLJKWOHQJWKUHODWLRQVKLSVKLVWRU\PHWDDQDO\VLVDQGUHFRPPHQGDWLRQV-RXUQDORI$SSOLHG
,FKWK\RORJ\
*KDZDUH$8-DGKDR5*,PSDFWRIEDFWHULDODQGIXQJDOLQIHFWLRQVRQHGLEOHFUDEParatelphusajacquemontii5DWKEXQ$5HYLHZ,QW
5HV-RI6FLHQFH	(QJLQHHULQJ
+DJHVNDO*.QXWVHQ$.*DXVWDG3GH+RRJ*66NDDU,7KHGLYHUVLW\DQGVLJQLILFDQFHRIPROGVSHFLHVLQ1RUZHJLDQGULQNLQJ
ZDWHU$SSO(QYLURQ0LFURELRO±
+DVVDQ$$+DVVDQ0$(O6KDIHL+0(O$KO50(O'D\HP5+'HWHFWLRQRI$IODWR[LJHQLFPRXOGV LVRODWHG IURPILVKDQG
WKHLUSURGXFWVDQGLWVSXEOLFKHDOWKVLJQLILFDQFH1DWXUHDQG6FLHQFH
+XOHD $ ,OLHVFX 3  'HWHUPLQDWRUSHQWUXLGHQWLILFDUHDPXFHJDLXULORU SRWHQWLDO WR[LFRJHQH 6RFLHWDWHD GH 0HGLFLQă9HWHULQDUă GLQ 56
5RPkQLD%XFKDUHVW
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,QQDO '  $JH DQG JURZWK SURSHUWLHV RI Carassiusgibelio &\SULQLGDH OLYLQJ LQ $NVX 5LYHU (VWXDU\ $QWDO\D7XUNH\ 5HYLHZ RI
+\GURELRORJ\
,TEDO=6KHLNK80XJKDO5)XQJDOLQIHFWLRQVLQVRPHHFRQRPLFDOO\LPSRUWDQWIUHVKZDWHUILVKHV3DN9HW-
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